Several papers have presented measured function to handle multi-criteria fuzzy decision-making problems based on interval-valued intuitionistic fuzzy sets. However, in some cases, the proposed function cannot give sufficient information about alternatives. Consequently, in this paper, we will overcome previous insufficient problem and provide a novel accuracy function to measure the degree of the interval-valued intuitionistic fuzzy information. And a practical example has been provided to demonstrate our proposed approach. In addition, to make computing and ranking results easier and to increase the recruiting productivity, a computer-based interface system has been developed for decision makers to make decisions more efficiently. key words: interval-valued intuitionistic fuzzy sets, interval-valued intuitionistic fuzzy numbers, multi-criteria decision making, accuracy function
Introduction
The multiple criteria fuzzy decision making problems usually involve a set of alternatives. These alternatives are to be evaluated based on several criteria, which are independent of each other. Due some criteria maybe involve imprecise or vague information, Hence, the final synthetic results for each alternative can be computed using fuzzy qualitative manner. Many practical decision-making problems, such as, performance evaluating of enterprise, the selection of a location of distribution centers for supply chain management, military weapons system evaluation, and so on, are decisions that are generally made through available data and information that are mostly vague, imprecise, and uncertain, by nature. Therefore, we need some methods to deal with uncertain data and information that are hard to define.
The theory of fuzzy sets, proposed by Zadeh in 1965 [22] , has widely and successfully been used in multicriteria decision making problem (e.g., [6] , [8] , [9] , [14] , [15] , [21] ). Atanassov [1] introduced the concept of intuitionistic fuzzy sets (IFSs), which is characterized by a membership degree, nonmembership degree, and a hesitancy degree. Thus, it is more flexible and practical to deal with fuzziness and uncertainty [13] than the fuzzy set developed by Zadeh [22] . Gau and Buehrer [10] introduced the concept of vague set. But Bustince and Burillo [4] showed that vague sets are intuitionistic fuzzy sets. Atanassov and Gargov [3] further generalized the IFSs, and introduced the notion of an interval-valued intuitionistic fuzzy sets (IVIFSs). Atanassov [2] advance defined some arithmetic operations of the IVIFSs. After that, some researchers investigated the IVIFSs such as Bustince and Burillo [5] , Hong [11] have addressed the correlation and correlation coefficients of IVIFSs; Mondal and Samanta [16] have developed the topology of IVIFSs; Deschrijver and Kerre [7] have provided the relationships among the IVIFSs, L-fuzzy set, IFSs, and interval-valued fuzzy set. Among those IVIFSs' developments, Xu [18] and Xu and Chen [19] have proposed the application of the IVIFSs to multicriteria decision-making problems. Recently, Ye [20] has improve Xu's [18] method and provide an improved method with evaluating function, M, by taking into account the effect of an unknown degree (hesitancy degree) of the fuzzy interval-value values on the degree of suitability to which each alternative satisfies the decision maker's requirement. However, in some cases, the proposed techniques using a score function or a measured function do not give sufficient information about alternatives and then may demonstrate the situation of the difficult decision to the alternatives. Therefore, it is necessary to pay attention to this issue and other measured functions that are needed. The aim of this paper is to develop another measured function and a decision-making method based on the accuracy function so as to overcome this problem.
The remainder of this paper is organized as follows: In Sect. 2, the IVIFSs is briefly depicted. In Sect. 3, the general features of a multi-criteria decision making problem based on IVIFSs are described. A review of previous multicriteria decision making approaches by IVIFSs is made in Sect. 4 . A novel accuracy function to handle a multi-criteria fuzzy decision-making problem is presented in Sect. 5. The proposed method is illustrated in an example in Sect. 6. A computer based information interface is provided in Sect. 7 before conclusions are drawn.
Prior Works
In this section, the definitions and properties of IVIFS following Atanassov and Gargov [3] are defined.
Let X be the universe of discourse, X = {x 1 , x 2 , x 3 , . . . ,
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x n }, with a generic element of X denoted by x i . An IVIFS A in X is characterized by following form:
, then the IVIFS A is reduced to an intuitionistic fuzzy set. The intervals μ A (x) and v A (x) denote, respectively, the degree of belongingness and the degree of nonbelongingness of the element x to the set A. Thus for each x ∈ X, μ A (x) and v A (x) are closed intervals and their lower and upper end points are, respectively, denoted by μ A , μ 
For each element x we can compute the unknown degree (hesitancy degree) of an intuitionistic fuzzy interval of x ∈ X in A defined as follows:
Multi-Criteria Problem Formulation Based on IVIFSs
The multi-criteria fuzzy decision making problems usually involve a set of n units (alternatives) A i (i = 1, 2, . . . , n). These alternatives are to be evaluated based on a set of m criteria C j ( j = 1, 2, . . . , m), which are independent of each other. Therefore, we can get the characteristics of the alternative A i and criteria C j presented as follows:
where does not satisfy criterion C j . Therefore, the decision matrix is a n by m matrix with intuitionistic fuzzy value entries
The IVIFSs value that is the pair of intervals μ
Moreover, if the weights of the criteria C = {C j | j = 1, 2, . . . , m}, presented by the decision-maker, are W = {w j | j = 1, 2, . . . , m}, where w j ∈ [0, 1] and m j=1 w j = 1. Then, the degree of suitability to which the alternative A i satisfies the decision-maker's requirements can be measured by the weighting function R,
where
and ω is the largest value among all Ψ i , then ω belonging to the alternative is the best choice.
Review Previous Methods Using IVIFSs in MCDM Problem
In this section, the measurement mechanism, of the researchers mentioned above, for multi-criteria decision making problems with IVIFSs is reviewed.
(1) Xu [18] method: He has adopted similarly conception of Hong and Choi [12] that used pro plus con. Let
be an interval-valued intuitionistic fuzzy number, then his measured function, H, is as follows:
Furthermore, that the result estimated by this method lies between 0 and 1 and may better correspond to both the cognition in decision-making and the assumed membership function value between 0 and 1.
(2) Ye [20] method: He/She is mainly proposed to modify Xu's method [18] . Furthermore, He used a score function M to arithmetic interval-valued intuitionistic fuzzy value based on the unknown degree as the following:
where M(A) ∈ [−1, 1]. However, Ye's method have improved Xu's method, but there are still some problems. Now, we will illustrate to descript the unsolvable as follows. In order to overcome above problem, an improved measured function to evaluate the degree of suitability of each alternative by intuitionistic fuzzy sets is proposed. Moreover, the proposed function can provide another useful way to assist the decision-maker.
A Novel Accuracy Function
We discovered that example 1 is one of the unsolvable parts in Ye's method. This situation can be problematic that our finding can be demonstated by the example of Ye [20] in Sect. 4. To overcome this problem, a novel accuracy function and rules to rank all alternatives are proposed. The proposed accuracy function adapts the visual viewpoint for decision maker, which utilize two stages and through some judged rules to perform score measuring for each alternative.
The more detailed descriptions and the operated procedures for the proposed accuracy function (as Fig. 1 ) are introduced as the following, Rule-1. The proposed accuracy function, S , is as follows:
, and m i and m u i denote abstention for lower bound and upper bound, respectively. The larger the value of S (A i ), the higher the degree of suitability that the alternative A i satisfies the decision-maker's requirements. Herein, the parameter, λ is considered as a preference by decision maker, to express the percentage of abstention for pro. It means that a part of those abstentions, m i and m u i , as λm i and λm u i will change their attitude. When λ = 0, it shows that the decision-maker is the most pessimistic, because it can't obtain anything from the part of abstention, when λ = 0.5, it shows that the decision-maker is fair and can obtain a half of abstention and when λ = 1, it shows that the decision-maker is in the most optimistic situation, and can get completely support for abstention.
In Rule-1 phase, when the score S (A i ) of alternatives shows the same value, it is hard to judge which one is better. Then, Rule-2 is brought in to handle this problem.
Rule-2.
It will start the judgment mechanism by parameter, a. From decision-making intuition viewpoint, a stands for lower bound of visual grade. Therefore, parameter a is good to be the biggest, then the alternative is the best choice. In Rule-2 phase, if the alternatives have the same intuitionistic value, a, then we will start Rule-3.
Rule-3. It will start the judgment mechanism by parameter, b. From decision-making intuition viewpoint, b stands for upper bound of visual grade. Therefore, b is good to be the biggest, then the alternative is the best choice. In Rule-3 phase, if the alternatives have the same intuitionistic value, b, it expresses they have the same interval-values of belongingness then we will start Rule-4.
Rule-4. It will start the judgment mechanism by parameter, c. From decision-making perspectives, the value of c stands for the lower bound of vote for con. Therefore, c is good to be the smallest, then the alternative is the best choice. In Rule-4 phase, if the alternatives have the same intuitionistic value, a, then we will start Rule-5.
Rule-5.
Similarly, the procedures of Rule-4, if Rule-4 produces same d, then it will start the judgment mechanism by d. From decision-making perspectives, the value of d stands for the upper bound of vote for con. Therefore, d is good to be the smallest, then the alternative is the best choice.
Finally, in Rule-5, if the alternatives have the same intuitionistic value, d, then those alternatives will have the same interval-valued for non-belongingness and, thus, produce the same rank.
In example 1, we use three proposed rules to evaluate final ranking with three different parameter value of λ. Then, by applying Eq. and (4), we get (1) Case I: using λ = 1 (optimistic).
Rule-1:
Because S (A 1 ) < S (A 2 ), thus, we know the alternative A 2 is better. In this case, we just have to activate the Rule-1. (2) Case II: using λ = 0.5 (fair).
Because S (A 1 ) < S (A 2 ), thus, we know the alternative A 2 is better. In this case, we just have to activate the Rule-1. (3) Case III: using λ = 0 (pessimistic).
Because S (A 1 ) < S (A 2 ), Hence, alternative A 2 is chosen. The result of this case is the same as Case II and Case III. 
Because S (A 2 ) is equal to S (A 1 ), hence, we can not choose which one is better. Then, we will perform Rule-2.
Rule-2:
The a 1 and a 2 are mapping to 0.2 and 0.2, respectively. Then, we still do not know that the alternative A 1 (or A 2 ) is better. Also, Rule-3 is brought in. Rule-3: The b 1 and b 2 are mapping to 0.3 and 0.3, respectively. Then, we still do not know that the alternative A 1 (or A 2 ) is better. Also, Rule-4 is brought in. Rule-4: The c 1 and c 2 are mapping to 0.3 and 0.2, respectively. Then, we know the better alternative is A 2 .
In this case, applying four rules are needed to judge which alternative is better.
From examples 1 and 2, obviously, our proposed measurement method provides additional useful information to help make decision efficiently.
Furthermore, by applying Eq. (4), the ranking function R (Eq. (1)) also can be rewritten as the following:
where R(A i ) ∈ [0, 1] and 1 ≤ i ≤ n. If R(A i ) = Ψ i and ω is the largest value among all Ψ i , then ω belonging to the alternative is the best choice.
An Example as Illustration
We quote an example by Wang and Elhag [17] . Consider the bridge risk assessment problem for the British Highway Agency shown in Table 1 . Moreover, bridge risk assessment is often conducted to determine the priority or the optimal scheme of bridge structures maintenance. If there are five risk events, the bridge structure (BS) set can be denoted by U = {BS 1 , BS 2 , BS 3 , BS 4 , BS 5 }. If the four criteria, namely, safety (C 1 ), functionality (C 2 ), sustainability (C 3 ) and environment (C 4 ) are taken into consideration and criteria using the interval-valued intuitionistic fuzzy terms in independent manner, the degrees of belongingness and the degrees of non-belongingness for the bridge structure BS i , i = 1, 2, . . . , 5 satisfies the criterion C j , j = 1, 2, . . . , 4 can be obtained through statistical methods, respectively. The intuitionistic fuzzy matrix of criteria rating was can be derived as Table 1 .
The decision-maker wants to choose an alternative that satisfies the criteria C 1 , C 2 , C 3 and C 4 . Then, by using Eq. (5) with three different parameters, λ = 1 (optimistic), λ = 0.5 (fair) and λ = 0 (pessimistic) in each bridge structure, respectively. Hence, we can get the following results, (1) Case I: using λ = 1 (optimistic). According to the above three cases, we make a choice that the bridge structure BS 2 is prioritized because of maintenance considerations.
Rule-1: R(BS

A Computer-Based Interface
As more and more decisions in real organizational settings are made, applying IVIFSs into fuzzy multi-criteria decision-making methods to deal with imprecision, uncertainty and fuzziness in decision making may become a hot research topic in the current uncertain environment. The application of IVIFSs in supporting decision-making can provide a useful way to help the decision-maker make his/her decisions efficiently.
In this paper, in order to make computing and ranking the results much easier and to increase the recruiting productivity, we have developed an information system called interval-valued intuitionistic fuzzy sets decision support system (IVIFSDSS) as shown in Fig. 2 . This prototype system is developed by Visual Basic 6 and ACCESS on a Ntier client server architecture. In IVIFSDSS, decision maker needs to key in criteria, weight, logic gate, the score of each alternative on each criterion and his/her preferred parameter, λ, as illustrated in Fig. 3 . The system can calculate the evaluation value of each alternative on each criterion by different preferred cases. The result is shown as Fig. 4 . The ranking score is the highest. Thus, the alternative is the best choice. 
Conclusion
This paper has shown Ye's method [20] to be inapplicable in some cases and has provided a novel accuracy function to measure the degree of suitability of each alternative for handling multi-criteria fuzzy decision-making problems. As expected, the proposed method can be used to rank the decision alternatives according to the decision criteria. Besides, this paper can provide more useful approaches than those research methods mentioned in this paper (e.g., [18] , [20] ) to efficiently provide the appropriate decision references for the decision-maker. We propose that the method we provide will have the result, lying between 0 and 1, which is not only identical to Xu [18] but corresponds to both the cognition in decision-making and the assumed membership function value between 0 and 1.
In future work, we see this proposed method as applying in more practical applications in engineering or management science.
